The records of 88 patients with intraparenchymal brain abscess treated during 1946-1971 were reviewed. The incidence of brain abscess did not decline significantly during this period. The overall mortality rate was 36.4%, and the operative mortality rate 29.1%. The most frequent findings were alteration of consciousness, headache, and elevated peripheral white blood cell count; fever, hemiparesis, seizures, neck stiffness, nausea and vomiting, and papilledema were less common. Lumbar puncture was a definite threat to the patient with a brain abscess. Ventriculography appeared slightly superior to angiography in accurately localizing the site of the abscess. There was a close correlation between the preoperative level of consciousness and the operative mortality rate. With the aid of Thorotrast, simple aspiration or drainage was superior to excision; when Thorotrast was not used, excision produced better results. The rate of postoperative seizure disorder was similar regardless of the type of treatment. The operative mortality rate and the postoperative neurological sequelae were less for intracerebellar abscesses than for intracerebral abscesses.
When this period began in 1946, antimicrobial agents were just becoming widely used to combat sepsis. During the first half of this 26-year period, 49 patients were seen, and in the second half there were 39 cases; this apparent difference is due in part to the fact that the number of neurosurgeons in Memphis had more than tripled during this time. Actually, we believe, as do others, 1,8.1'-'.21 that the incidence of brain abscess has not declined as much as might have been expected since antibiotics became available.
There were 61 males and 27 females, ranging in age from 2 months to 69 years. Patients in the second decade of life were most frequently affected; however, 13 were under 10 years and four under 2 years.
Mortality
There were 32 deaths, an overall mortality rate of 36.4%; nine of the 32 patients did not have surgical treatment, but all of these abscesses were verified at postmortem examination. The operative mortality rate was 29.1% (23 deaths in 79 operative cases). There was one negative exploration among the operative cases. An operative mortality is defined, using Cushing's criteria, as a death while the patient is hospitalized following surgery. Surprisingly, the operative mortality rate during the last 10 years of this series was 57.1% (12 deaths in 21 operative cases) compared to 18.9% (11 deaths in 58 operative cases) during the earlier part of the series. Table 1 lists the associated disease processes and contributing factors that led to the development of brain abscesses in this series. The high incidence of otogenic infection from mastoiditis has, of course, declined during the past 12 years. The traumatic episodes varied from a blow with a manure shovel to a stab with an ice pick; however, all the traumatic abscesses were supratentorial, and the wound had penetrated scalp, calvaria, and dura. The only case resulting from a gunshot wound was fatal 22 years after injury; bone fragments were found at the site of the abscess. Another late abscess in our series developed 30 years after the patient received a depressed skull fracture when kicked by a mule. There were four cases in which one of the following surgical procedures was recorded as the cause: establishment of a ventricular shunt, evacuation of an intracerebral hematoma, removal of a posterior fossa cholesteatoma, and application of Crutchfield tongs. Strangely, congenital cyanotic heart disease was an uncommon cause of brain abscess in this series.
Associated Disease Processes

Location of the Abscess
The locations of the brain abscesses are shown in Table 2 . The term "hemispheric" was applied to patients in whom virtually an entire cerebral hemisphere had been replaced by pus. Hemispheric and multiple abscesses carried the highest mortality rate, while the parietal lobe abscesses had the lowest. There were three patients in the multiple abscess group who had both an intracerebellar and an intracerebral abscess; all three cases were fatal, two after surgical treatment. In addition to the intraparenchymal brain abscess itself, nine cases had significant subdural (7) or epidural (2) empyema.
Three patients survived following treatment of two separate abscesses, one on each side of the head. Only six patients have previously been reported to have survived following surgical treatment of multiple discrete brain abscesses. 9,13,1r One of us (F.M.), while a medical officer in World War II at 
Organisms
Organisms were cultured from the abscess pus in 54 of the 88 cases. Streptococci and Staphylococci were most commonly cultured; mixed cultures were frequent. A fungus (Actinomyces) was found in one case. The fact that the majority of patients were given antibiotics preoperatively may account for some of the negative cultures.
Diagnosis
Signs and Symptoms. Table 3 shows the most common presenting signs and symptoms at the time of admission to the hospital. Headache and alteration of consciousness were the most common. Papilledema was relatively uncommon, Temperature. During the first 24 hours of hospitalization, 44% of the patients had temperatures above 100~ Fifty percent of the patients, however, had a normal temperature; 6% showed a definite subnormal trend.
White Blood Cell Count, The peripheral white blood cell count on admission was less than 10,000/mm 8 in 22% of the cases. A high percentage of patients had an elevated white blood cell count; 40% bad a count between 10,000/mm 3 and 15,000/ram 3, and 38% had counts greater than 15,000/ mm 3.
Lumbar Puncture. Although we believe lumbar puncture is hazardous, 44 (50%) of the patients in this series had a lumbar puncture preoperatively. Half of these procedures were done by referring physicians before neurosurgical consultation. Approximately 64% of those tapped had increased opening pressure, 66% had elevated protein, and 60% had elevated white blood cell counts (Table 4 ). Only two of the 44 patients had a completely normal lumbar puncture. Seven patients deteriorated within 24 hours following the procedure, and six of these patients died. Thus, lumbar puncture is a definite threat to the brain abscess victim as previously stressed by others. [2] [3] [4] Radiographic Studies and EEG. Thirty patients with supratentorial abscesses had cerebral arteriography; in 25 the abscess site Two patients not suspected of having a brain abscess had pneumoencephalography, and in both the supratentorial mass was located. During the past few years brain scanning has been commonly used, and eight patients with intracerebral abscess had a brain scan one or more times; in seven the abscess site was visualized, the one failure being an occipital abscess. In 15 patients EEG was done, and in 14 the procedure was helpful in localizing the abscess. Ventriculography was the most useful contrast study in the localization of cerebellar abscesses. Two patients with cerebellar abscesses had arteriography without identification of the abscess site, although in both there was evidence of ventricular enlargement.
Preoperative Condition of the Patient
As with many intracranial mass lesions there is a direct correlation between the preoperative state of consciousness of the patient with a brain abscess and the mortality rate (Table 5) . These figures are similar to those reported previously/,4,8,1"q There was a marked alteration of consciousness in all but one of the unoperated cases when first seen by a neurosurgeon. This may have affected the preciseness of the initial evaluation. In five of the unoperated cases, neurosurgical evaluation was requested late in the patient's downhill course.
There were nine cases in which the abscess ruptured spontaneously: six into the ventricles, two into the subarachnoid space, and one subdurally. All of these cases were fatal, and three were not operated on.
Treatment
Several types of operative procedures were used, because we have never developed a standard policy in this regard. We compared the supratentorial abscesses treated by excision to those treated by aspiration or drainage ( Table 6 ). All of the patients received systemic antibiotics, and most of the patients whose abscesses were treated by aspiration or drainage had antibiotics instilled into the abscess cavity at surgery. There was no significant difference in the mortality rate.
It was apparent, however, that Thorotrast was important in the management of brain abscesses by aspiration or drainage. When Thorotrast was used (16 cases) the mortality rate was 12.5%, while the same treatment without Thorotrast resulted in a mortality rate of 39.3%. We believe that the banning of Thorotrast pyography was the single most important factor in the threefold rise in our mortality rate in the last I0 years of this series. The infratentorial abscesses were treated primarily by drainage. There were nine patients who underwent surgery for cerebellar abscesses, with only one operative mortality.
Pyograms
Before Tborotrast (colloidal thorium dioxide) was removed from the market, pyograms were done frequently in the patients being treated by aspiration or drainage. This procedure was first described by Kahn in 19393 The advantage of this substance was that it served as an excellent means of following the size and location of the abscess after surgery. We have seen no long-term ill effects from our use of Thorotrast pyograms in 23 cases. One patient died following the spilling of Thorotrast and pus into the ventricle. Pantopaque was used once. Since the banning of Thorotrast, micropaque mixed with betadine as described a~ has been used three times with results that were less satisfactory than with Thorotrast.
Long-Term Follow-Up
Long-term follow-up ranging from 2 to 24 years was obtained in 35 of the 56 survivors. The remaining 21 survivors were lost to follow-up within 2 years of surgery. Follow-up was by questionnaire and examination; attention was directed to the postoperative neurological deficits, the ability of the patient to work, and the incidence of seizures. A "mild-to-moderate" neurological deficit was defined as one that did not severely restrict the patient's activity, as with a slight monoparesis or hemiparesis or a mild visual field defect. A "severe" neurological deficit was one that restricted the patient's function, as with difficulty in walking, intellectual loss, marked visual field defect, dysphasia, or significant loss of vision. Nineteen of the 35 patients had no significant neurological deficits. In nine patients the deficit was mild-to-moderate, and in seven it was severe. All of the patients with no or mild-tomoderate deficits were able to work; however, two patients were not able to return to their previous levels of activity. None of the patients with severe neurological deficits was able to work.
The overall incidence of seizures in the follow-up group was slightly less than 50% (17 of 35). Since four of these patients had cerebellar abscesses and no seizures, the true incidence of fits in the follow-up group of intracerebral abscesses was 55% (17 of 31). This incidence is similar to that in other series. 6,s,I~.2~ Twelve of our 17 patients had a seizure disorder which was easily controlled by anticonvulsants and seven have been seizure-free for 5 years. Five patients had an uncontrollable seizure disorder, and three of these subsequently underwent cortical resection. All of the seizure problems began within 2 years after surgery except in one case in which the onset was 14 years after surgery.
In reviewing the follow-ups, attention was directed to the relationship of the method of treatment to the incidence of seizures. Of 10 patients who had excision of an abscess, five (50%) developed a seizure disorder. Of 21 patients who had drainage or aspiration of an abscess, 12 (57%) developed fits postoperatively; four of eight patients in whom Thorotrast was used developed postoperative seizures.
Six of the patients in the follow-up group had a severe neurological deficit. Two cases were treated by each of the methods described (excision and aspiration or drain-age with or without Thorotrast). Thus, it appears that excision offers little advantage over aspiration or drainage in the prevention of fits and severe neurological deficits following surgical treatment of brain abscesses.
Of the eight surviving patients with cerebellar abscesses of whom four were followed for more than 2 years after surgery, none had seizures. In the only one who had any significant postoperative neurological deficit, there had been involvement of the brain stem in the abscess process.
Discussion
The mortality rate from brain abscess reported in the literature was generally 60% to 80% prior to antibiotics and 20% to 40% during the antibiotic era, 1,2,4-6,8-1~,16,1s, 21-24 although in Macewen's series published in 1893 there was only one death in 19 operative cases. 14 As a result of the review of our experience with 88 patients with brain abscess, 79 of whom were operated on, certain facts become apparent. Brain abscess still is a highly lethal lesion. The degree of preoperative impairment of consciousness correlates closely with the mortality rate. Lumbar puncture poses a definite threat to the patient with brain abscess. There is no difference in the rate of postoperative seizure or severe neurological deficit regardless of the method of treatment.
Although in our series ventriculography appears to be slightly superior to arteriography in the localization of these lesions, recent advances in the technique and interpretation of arteriography have exceeded those in ventriculography, and the superiority of ventriculography may diminish. Furthermore, we have not had enough experience with brain scans in these lesions to be reasonably certain of their accuracy. Since ventriculography is time-consuming and probably more hazardous than arteriography, it seems to us that a fixed policy and program for diagnostic procedures should start with a brain scan, be followed by an arteriogram, and finally by ventriculography as needed. This is, of course, the same order of procedures as in other mass lesions in the head. When a cerebellar abscess is suspected, the order of diagnostic procedures should be brain scan, ventriculography, and arteriography. We believe that, no matter what the lesion, if ventricu|ography is to be used, Conray ventriculography is superior to air ventriculography.
In this series, the number of abscesses treated by the various methods is probably too small to be of statistical value. Nevertheless, it appears to us that aspiration and drainage with instillation of Thorotrast and the appropriate antibiotic carried a mortality rate of less than half that for excision, aspiration, or drainage without Thorotrast.
Finally, Thorotrast was not associated with an increase in morbidity (postoperative seizures and/or severe neurological deficit), nor have we seen any long-term ill effects from Thorotrast pyograms. A review of the literature yields no reference to long-term ill effects of intracranial Thorotrast pyography. An all-out effort should be made by the neurosurgical societies of this country to make Thorotrast available again for the treatment of brain abscess.
In the meantime, there appears to be no doubt that excision of cerebral abscesses is now the preferred available treatment except for lesions involving vital areas where removal would result in a severe neurological deficit and in cerebellar abscesses.
